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METHOD FOR DETECTION OF MULTIPLE NUCLEIC ACID SEQUENCE VARIATIONS 

Technical Field 

[0001] This invention relates generally to a method for determining the sequence of a nucleic acid target 
at a polymorphic site. More specifically, the invention relates to a method of determining sequences usmg 
direct hybridization of the nucleic acid target. The invention has utility in the fields of diagnostic assays, 
multiplexing technology, and genetic analysis. 

BACKGROUND 

[0002] Living organisms possess genetic information in the form of particular sequences of nucleotides. 
Even within the same species, the sequence of nucleotides that codes for a specific individual can vary. By 
examining these variations, scientists have been able to correlate specific traits, conditions, or diseases to 
particular variations in the genetic sequence. Consequently, determination of a genetic sequence at a 
particular location, commonly referred to as a polymorphic site, can enable the diagnosis of certam genetic 
diseases, and can reveal a wealth of additional information concerning an individual. 
[0003] Several techniques for determining the particular sequence at a polymorphic site have been 
reported in the literature. Specific methods include those based on oligonucleotide ligation and primer 
extension assays. 

[0004] Assays based on oligonucleotide ligation use two separate oligonucleotide probes designed to 
hybridize in a tandem arrangement onto the nucleic acid target, thereby forming an oligonucleotide duplex 
when perfect complementarity exists between both oligonucleotide probes and the target. That is, one end 
of each oligonucleotide probe is immediately adjacent to the other when the target and pair of 
oligonucleotide probes are complementary to each other. Once a sufficient incubation time for 
hybridization has passed, an enzyme, e.g., a DNA ligase, is added in order to enzymatically ligate, or jom, 
pairs of hybridized oligonucleotide probes adjacent to, although unconnected with, each other on the 
target As a consequence, ligation succeeds when both oligonucleotides are complementary to the target, 
but fails (or is less likely to occur) when exact complementarity is absent. Subsequent heating results in 
denaturing of the hybridized strands, causing the original oligonucleotide probes to either join to form a 
single larger oligonucleotide, or remain as two separate oligonucleotide probes. Detection of the sizes of 
the resulting larger probes indicates whether there was exact complementariness between the probes and 
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„ urge, S* assays based on oUgonocleohde Ugation are described in U.S. Paten. No. 6,025,,39 «o 
Yagerelal.andlannoneetal.(2000),C><omelry,39:131-140. 

HgoLoude in a ^ sequence, common* referred «o as a singie ouc.eobdepo^o^o SNP. 
pLexUnaion assays have been descdbed in *e U« by, for eaa^ple, Syvaoeo e, a ( 990 
0 e« 8(4): 684492. or .his technic, a specifically designed primer is hybridized .0 d,e urge 
Lnce itlldiauly , of fize single nncleofldic posMon of inreres, A DNA polymerase , add^ 
pice of an excess of ooe type of a labeled nucleotide, e.g„ a Ubeied adenine baphosphara. DeUcfion 

oligonucleolide added with DNA polymerase. 

,oL, WhUe bod, of dae above-idenfifled uchniques provide flu abflny «o different be»ee„ 

requi re dre presence of eozyn.es, e,„ DNA ligase for obgonucleodde bgase assays, and DNA 
f„ primer extension assays. Tbcse enzymes increase dre overafl cos, of dre assay and retire add.uona, 
. Js snch as washing, which rend ,o further comphcate dre assays. Addifionauy, dreae approaches a. 
hnre consnnring and do no. .end drives .„ mulfiplexed fornrars wherein Cusurs or separate 
polymorphisms are simultaneously detected. 

m A -bird technique based on compefidve hybrtdiznnon has been suggested .« overcome a, .east 
I — — Theco.peb.ivebyhHdizabonappr.chnsesbvoo.igonne.eo udeprobes, one 
eomp.enrenuzy.odrevadan.ofin.eres.anddreodrerconrp.emenury.odrenanna.or wddtype 

wild type is contained in the urge.. A specific example of fins techntque is descrtbefi tn U.S. Patent No. 
3£ to Easnnan e, a.. Ofirer dran nsing a polymerase to amp.rty fire urge,, no additions, enzymes are 

57 ,0, to Fulton describe* a mefitod for flow cymmetric detenninaflon of DNA fences b- on 
iigonuCeoude probe compefiflon. h, flu described medtod, a speciahzed bead set is used *- 

IlroU region of inures., bfifiafly, dte obgonudeofide probes of dre bead se, are hybrtdtze to a 

si-. — — — * me - ^ re8ion b is r ir 
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elementary labeled oligonucleotide (if ^0 and detection of toe bea «e Seouen ce 
JLu. is based on whether the Ubel ta. the origtoally o ybridfced complementary MM pro e s 

as no displacement occurred. Hrawhacks as 

„0.„ A-Va based on connive hybridization as described above, however, suffer froto drawbacks 

vas.arooun.aofprepara.ioninconpiingnnionoprobos.oeaobbead. Thus, while multiplex^ 
"encode— T^^^.^^^«— ^" 

SUMMARY OF THE INVENTION 
[00101 It is thus a primary object of the present invention to addreas the above-mentioned need in the art 

. .Lie acid ana>yto to a samp.e, comprising toe steps of: (a) preparing labeled antp.tcons torn *e 
ucleic acid »na,yte contamed in the sampie; (b) — under hybridation — dte labeled 

,p,exes formed in step <b) wito a plurality of firs, and second captore probes to form captured wdd 
variant complexes; (d) detecting and counting any captured wild We complexes and captured 



type com] 



I (d) wherein a greater amount of eapmred wi,d W e comp.exes is indicative of dte absence of to 

Sol, another object of dte invention is to provide such a metood wherein each detectable stgnal ts 
based on a ratio of two different fluorescent dyes. 
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,00,4, in IE.**.*—". '°" roVidea " aMay " f ° r ^ 0U '* — * 

m Addidona, obj.cs, advantage, and nova, fean.es of ft. invention will be so, ford, in Ora 

ihe following, and may be learned by practice of the invention. 

1 Hi afira. embodhoen, tbe invention provides a method for d=..nn g .be ptesence „c absence o a 

f preparing labeled araplicons ton, dre nncieic acid amaly<e contained rn the sarap e. 
no Lily, dte nndeic acid amplification s*p is carried ou. nsing conventional po,ymerase cbam 
"J tecbn^es, rypicafiy wid, dre aid of a rabeled primer snob as a biotinyiarad pnmer. 
I, L Llabe edampficonsaracon^nnderhybridraafioncondifionsvHmaplural^offira. 

pr „bes is comprised of a firs, capmre science portion and a region ma. is comply .0 dre 
pCymorphic I corresponding .0 a w„d .ype ae,nence. Bacb probe in the pmralrty of second « renrta, 

lion Furthemrore, each second differential hybridization probe also compnses a regton dra. - 
Zlenra.ymmepofymocpMoa.co— 8 -v^ona=,„en.. Thn. whan.e^enha, 
JLnon probes are conracmd .0 dm labeled amplicons trader hybr.diz.ng cond, ons, wdd W e 
c mp.exes are formed bertvcen me firs, hybridization probes and Ubeled amphcona havmg *e 
Zonrhic she oortesponding .0 me wild W e seance. Similarly, varian. complexes are formed 
ble 1 second hybrrdization probes and ,abe,ed amplicons havmg dm poiymorph.c s,.e correapondmg 



LplmaH^ffi.tandaenondcapm.cprobes. The fi^capmre probes are each compnaaoaregmn 
las Implement^ .0 me firs, caphare seqoence portion, to addttion, each firs, capmre probe ts 

each comprised of a region dta. is complement .0 dre second capmre seance pomon. 
sol snbsnams nsed in the mahod are preferably beads, aUhough orher shapes may be used. 
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u u^«,nri e ^ofa first capture portion and a region that is 
differential hybridization probes each compnsed of a cap 

s==r== ===== =5C 

^ llv «o the « capture portion an* (U, havhag a « - «> • *-* " 

si J L~ ^ (i) ceased of an anached second capture probe tha, . -P ~ 

and fffl having a second detectable signal. The assay kit opUonally includes 
additional components, such as a polymerase tor ampn y s 
carrying out PCR; and instructions for carrying out the assay. 

captur probe seances adached thereto canbe adapted for thedetection of anynu.herofgenen o^ 
bead. 

BRIEF DESCRIPTION OF THE DRAWINGS 

,0,22, FIG. 1 Ulustaa.es dte time allotted for each step of the SNP assay, 
and using Luminex™ microspheres. 
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(0025] FIG. 4 is a graph bar demonstrating the cytochrome P450 genotyping results of a multiplex SNP 
assay conducted on four individual patient samples. 

DETAILED DESCRIPTION OF THE INVENTION 

|»0261 Before deseribing the present inventor in «* k is .o be understood dra. nnless otiaerwise 
indicated .his invention is no. tented to specific sources of DNA, specific seqnences, or specrfic assay 
(- , as sncb may vary. I, is alao to be understood drat Ore terminology useti berein is for the purpose of 
describing particular embodiments only, and is not intended to be Hunting. ^ 
,0027, I. must be noted that, as used in Oris specification and the appended Calms, the singu.ar forms a, 

■an ■ and "the" include plural referents unless the context clearly dictates othem.se. 

,00281 h, describing and claiming me present invention, Ore following terminology will be useti m 

accordance with the definitions set out below. 

[0029, It will be appreciated drat, as used berein, .he .emus -nucleoside" and "nucleotide- refer .o 
nucleosides and nucleotides confining no. only the conventional purine and pyridine bases, ..e., 
adenine (A), thymine (T), eymsine (C), guanine (O), and uracil <U>, bu. also moddieo nuclides and 
nucleotides. Such modifications include, bu. axe no. limited to, medrylation or acylation of a punne or 

bom rings in tire purine ring sysrenr, and pro.ec.ion of one or more rationalities, e.g., using a protecting 
group such as acetyl, difluoroacetyl, trifluoroaceryl, isoburyryl, benzoyl, and the like. Modrfed 
nucleosides and nuc.eotidea also include modifications on Ore sugaz moiety, e.g„ wherein one or more of 
tire hydroxy, groups are replaced witi, halide and/or hydrocarbyl snbstimen,s (typically aliphatic groups . 
,he ,a»er case), or are fimctionalized as etirers, amines, or me lixe. Common analogs include, «. „ no. 
Unnted .o, l-me.by,adenine, 2-medryladenine, N«-memyladeni„e, N'-isopentyl-adenme, 2-methylm.o.N ■ 
,sopen.yladenme,N,N<.ta^^^ 

5.Ieu,y,cy.oaine, 5 .my.cy.osme, 4-acetylcy.osine, ,-mem yl gnan ta e, 2-metiry.guanine, T-me^hylgnanme, 
2 2-dinttmylguanine, 8-bromo-guanine, 8-chloroguanine, 8-aminoguanine, S-mefhylguanme, 8- 
drioguanine, 5 -fl«oro-urac„, 5-bromouraC, 5-chlorouracil, 5-iodouracil, 5-emyluracil, 5-propymracri, - 
medsoxyuracil, 5-hydroxymemyhnacil, 5 ,carboxyhydroxyme,hy,)uraci,, SKmemyl-antinomedry, urac.1 

5-oxyaceuc acid, umcil-5-oxyacetic acid medryl es«er, psendonracil, Lmethylpseudouracil, queosme, 
inosine, l-medrylinosine, hypoxandrine, xanmine, 2-ami„opnrine, 6-hydroxyamin.purine, o-dnopunne, 
andW-dzannnopurtae. Iso-^^^^ 

potential cross reactivity between sequences when hybridization is no. desned. 
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M As used herein, ft. rem, -oUgonuCeoude" encompasses rt*^** <•—*■ 
lU-Hbose), MyribonudeoUdes (containing D-ribose>, any other type of poly-eofrd, , ma, ts an 

LAn.i-OenoDeveiopn.en.G^np.CorvaUis, Oregon, as Nengene™ poiyme.) ornon^dard ,*g«s, 

ling - a S is found in DNA and RNA. Thus, 1— <— don ,e- an s, gle- 

sttandedDNA, as we,, as double- and smgi-rmnded RNA and DNA:RNA hybrids, and a,so ,nc,ude 
»H ^s of m„d,fred oUgonuCeoddes, sncb as, ta examp,e, oUgonucleoddes where, one or more of 
ft. naturally occurring nudeorides is substitute with an anaiog; obgonuCeoddes conunrng 
UnernuCeotide modifiers such as, for examp,e, tea with uncharged Unkages <e.g., mefcyl 

phos pho»a.cs, phosphofriesters, phoap— ea, cnrbama.es, etc.), nagndvaiy enargad indcages (e.g., 

p ho sphoromioa t es,phosphorc4„h^^ 

Llkyiphosphoratnidates, andnoaMphosphotriesters), drosa containtng pendan. motenes snob as, for 

boron, oxidarive me* ere.,, and tee coining actors. There rs no .nrended d, trn .to ,eng* 
between * — "PO^eoride- and -o,igonuc,eodde," and tee rernrs wi« be nsad m terchangeably. 
These tenna refer on,y .0 dre prinw structure of me mo,ec„,e. As nsed herein dre symbois for 
nncleohdea and poiyamcleoddea a. according .0 me IUPAWUB Commission of Broebemrea, 
Nomenclature recommendations (.Biochemistry 9:4022, 1970). 

U S Patent No, 4,683,195 (Mn.lis e. »,.) and 4,683,202, hrcorpotuted herein by reference, m the PCR 

Ifembly by heat). OUgonncleodde primers are dten added in motar excess, along wrth dNTPs and a 
denied. This results in two "long products," which begin witb me respecrtve pnmers, »d the two 
lions ,e.g., by lowering me temperabrre, inaotivanng a denaturing agent, or adding more po.ym ta >, 
from cycle ,, two new ,on g products (replicated from the origins, stmnds), and two -short ptoduc* 
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antise^wimaprimerateachend. 0. each addidona, cyde, - addition* two .ong produc* are 
Ltf * previous cycle. Thus, the aon.be, of shot, products grows exponent wtm each cy* Th,s 

H -P- «— - *— ta paKnt Pub " canon 

373 960 (publishedJun. 20, 1990). 

as the "ligase chain reaction" as described by Bamny (1991), Proc. Nat. Acad. Sc. *»»»»■ 

72 stature win, a targe, sequence confined In a mo,ecu,e (a -large, mo.ecuie") . a sample 
^-^dne^p— oraUeas.onas.nence^epn*.^^,^. 

. .-a w~ The tern, -primer" tefent to a molecule that comprises an ol.gonncleot.do, whether 

pr Ic, tha, U complement to a nucleic acid stmnd Is indncod, i.e., In me presence o a ^ 
Lotides and an a g e„, for po ly meri*a,.on snch as a DNA polymerase . an approve - - 
-hie temnerature Preferred primers for nse herein are the doahpurpose pnmens desonbed ,„ U.S. 

* „ a| fc .^.p^se Printers and Probes for Providmg 

Z rid, to lys.m,ions,s.b,ehybridsw i l,fom,wherefewerma„«bou t ,0%ofmeb^ 
mills ignoring ,oops of fou, or more nudeotides. However, the high sensing of thts assay wd> 

tmpiemenf nude, assay conditions, generany where mete is ahon, 100% homology, whde me « 
, Z xh. retm "hybridizing conditions" is intended to mean those conditions of time, tempemture, and 
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portion of co-p.en.en** sequences » anneal wim each otor. As is well known in to art to time, 
temperanue, and P H conditions required .0 accomplish hybridization depend on to sue of to 

J rhe uuge, and rh. presence of otor ma,erials in ore hybridization reacnon adtntxtoe. Th actita, 
Iditions necessary for each hybrtdizanon s,ep are well known In to art or can he deremnned wttou, 

honra, and most preferably from aboo, 15 minu.es ,0 abou, three hours. 

,0038, "Hybridization conditions" also include an effective buffer. Any buffer to. . compatible, ,.e, 

50% formamide, .0-/. dextmn sulfate (MW 500,000), 0.2% casein, 10 ug/mL poly A, and 100 ugtaL 

Another particularly preferted buffer comprises 5X SSC, 0, to 0.3% sodtam dodeoyl su)^, 

u iY cqp ic «q defined above. Other suitable butters are 
sulfate, 1 mM ZnCl 2 , and 10 mM MgCl 2 , wherein IX SSC is as defined 

known to those of ordinary skill in the art. 

Si as used herein refers ,o an „r g an.sm, preferably mammalian, from which to nncletc aetd 

analyte is obtained. Preferred patients are mammalian organisms, e.g., humans. 
,0040, As used herem, to term -sample" refers to a fluid or tissue obtahted flom an org— e., 
llian organism such as a human, to, contains to nucleic acid analyte ,„ he chamo,ert,d. Sue 

fluid; cell ,ysa,es; semen; secretions of to skin or respiramry, imestina), or genitonrtnary «rac K ; tears, 
saliva- milk; and white blood cells. 

La lions hydrogen bonds, etc.). Covaien, bonds include, for example, ester, etor, phosphor, 
Hhntde Lh Lsulphurbonda.carbon.phosphoronshonds.andtolike. Methods for anacmng 
I^ultidesm — arekn„w.mtoartandinc,ude,forexamp,e,b,ortm g o f too,,onuc,e„tide 

Ly b anchored. Soluble substrates include any materia, to, oan immobilize an o gonucleo* .d 
encompass, for example, glass, nitrocellmose, plastics including polyvinyl ohlortde (e.,, m she«s or 
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« x .v^ene latex (e g in beads or microtiter plates), polyvinylidine fluoride (e.g., in 
microtiter wells), polystyrene latex <e.g., in oc 

• nt it.r ntatert nolvstyrene (e.g., in beads), metal, polymer gels, and the like. 
I I ^rand tha, L description hrc,udes instances where » said even, or *— <*™" 

n.eansthet^haeomponentmayormayno.bepKsentmteassayk.taad P 

kits wherein the component is preaent and assay kits wherein the component is not ^ r ^^ practice or 
,0044, AUhough any shmiar or cuiva.en, methods and materiaU may be employ d m me pracuce or 
resting of the present invention, preferred methods and materials are now descnbei 

The tlhod of this invention comprises a means for detecting the prince or absence of a g^rc 

H in an a^d science (e.g.. a missing, changed, o, added nooleo.de, the ^ 

Isidered •■po.ymorphic,- and me site at which the alteration occurs is referred to as a ■pol > nnorph,os,«. 

the Lie The actual steps of preparing Inhaled amplioons are weU known to dtose of ordrnary „ 
pimple me nucleic aoid analyte of interest conned in the sample is o«en .ooaUd wttfcn a 

10M71 CelWc— ^^biopayorswabbing. Tnecellsso 
Qamnles using conventional techniques sucn as, iui y 

1 ed may con^n generic materia, of the host, or drey may contahr non-hos, genettc tnatenal. Thus, 
"Ip-ohled^mahnmanindividnalmaycontainhoman genetic material andlor the 
genetic material of an infectious pathogen such as a bacterium, virus, or fungus, 
^g, Once obtained, the nucleic acid analyte is drcn amplifted, i.e., cop.ed, ^ «— jsr 
HL Although any Imown ampliftcation nrethod can be used, preferred methods tnclnde PCR, 3SR, 

oligonucleotide (dNTP) monomers, and ^ ^ ^ tQ & 
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«======== Hr 

US L.NO 4,356,270,0^. Primers are also available from S.gma-A.drrcb, Co. ^ 
^XaH ofhec commercial suppliers. Ota primers may also be mad, such as toe desrgnoHo 
IX o o*er po rt io„s of rte nudcic acid analye in order ,o avoid undeslred secondary suucnrrc. 

be prepared via conjugating a label to an unlabeled pnmer. Labelmg o g 

Jarried on, using conven.ion.1 coupling procedures. Specific couplrng procedures bovver, 

leXg on .be live group or groups prescn, on me label and/or on ,be obgonucleob c 

For example, ri* procedurca *nown ,o rbose of still in ,be a„ arc avada ble for 

en.vm.s.urecebyprovldnrgalabCedanrpbcon Mome -^J^ 
deoxynucleotides to the 3'-end of DNA fragments. 
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m3] A second technique forprepanng landed anplicons involves a separate iabeling seep wherenr 
ZL an-plicons are subsequently coupled ,o a label. Tbe techniques descrrbed above wrth reapec, ,o 
labeling primers can also be used to adach labels to unlabeled amplicons. 
IM541 An, type of labe, can be artached ,„ the antpHcon. Preferred .abels include Arose — 
Lie by spectroscopic photochemical, biochemical, unnrunoche^ical, or chenuca, mean, Such 
«. tnclude, widron. ,-a.ion, fluoresce., chenulutninescers, dyes, biotin, haptens, endues, en^ne 
I uates, enzyme colors, en*yme inhibitors, enzynte subuni«s, — ions, electron^ reagena and 

Preferably, the label shou,d be selected to widrtfand during condidons „ ,. ,s » bt 

binding with streptavidin cnu P .ed » a fluoresce,, e.g., a streptavidin-phycoerythrin conjugate. 
1, Once prepared, the labe.ed anrplicons are c„n«ac,ed with a plurafity of flrs, and second duTerenna, 

c Iprises two binding region,: a flrs, capture sequence portion and a region tha, • 
po.ylphic * corresponds to a w„d type sequence. Opdonafly, the firs. *~ ^ 

1 I .noil acid ana,yte when the po.ymorphic site of nucleic acid analyte is in fire W or wtld 

Sn-arly, second differentia, hybridization probes conrprising two binddrg regions antf an^ptiona, 
P J portion are also contacted with the labeled anrpficons under hybridization condtnon, Th two 
IdJregions however, differ flonr fire firs, differential hybridization probes in Una. Ore second 

fClymoU site copending .0 a vanan. sequence. Consequendy, any of .he labeW amphcons 
corresponds compienrenury region of dre second differentia, hytr.diza.ion probe, dte.by fotnung 

re ■„„ dra. is » dte pCyrnorphic si.e. The spacer can contprise a senes ofnucleottdes 
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.taature. The preparadon of polype glycol space, is described, for example, by Ken, e, al. (.979) 
Makromol. Chem. 150:2539. Other spacers can be prepaid in a similar manner. 
,0,58, Tbe anroun, added of eacb of me firs, and second hybridizndon probes and me tbue r^tred fcr 
Udizafio. can be determined experiment*, bu, it is prefetred ma, a moiar excess of eacb probe „. 
J used. Generally, however, eacb o, me fir, and second hybridization probes are added .» an amount of 
from about 0.0, pmolcs ,o abou, 100 pmoles, with a hybridization incubation period of fiom abou, one 

i»cuba,e for a period of time testing from abou, five minu,es ,o about thirty numrtes. 
, 0 , 59 ,O.ceaau ffi cien, incubadon periodbaspassed,varian,com P ,cxes and/o, wild type complexes w„, 
t ave fonned (as discussed above), depending upon me po,ymon>hic form of the nucleic acid analvte. 
These complexes, if any, are men -enpnued- usmg capnue probes coupled ,o a solid substrate or a 
p.umlity of sodd subsda.es. Each wild type complex is captured by a firs, captum probe composed 
regi „„ ma. is complementary ,o me ft. capdne sequence portion of me « differenda, by,— 
pi The firs, capmre probe is co„p,ed ,o a so.id substia*. A plurality of firs, capdue ptobea s used 

complement <o me second cupmre se q nence portion and each adached «o a pluraldy of second so d 
suostm.es, isused.ocap.me me variant sequences. The pteferted molar amounts an. 
capmnngmecompUxes atetheaame as those disclosed above for fo„ning the complexes. Tbe com lexes 
ao caponed through thia step are teferted to as "captured wild type complexes" and -cuptuteO vanan, 



,„„«,, Detection and coundng of the captured wild type complexes and captured vanan, n 
1 p ace naing any —a, method. As the capture, complexes comprise a labe, (from the la*.ed 
JLn) and a aoHd substrate (front dte capture probe, having a detectable aigna), demotion general* 
proceeds by detecting both die label and die signal. 

00«, The labeling czn be accomplished by any art-known meons and is dependent upon the nature of 
U^bel. F „ I fluo,esce K ,a)a^,umbet„fnuo,ome.e K a re avai)ab,e. Fo, chemiiuminescera 
.uminometeta o, fihna are available. Wim enzymes, a fluorescent, cbemfluminescent, or cofcrnd^c, 
„ he provided and determined fluotometricolly, .uminometricafly, apecuophotometncally, or vauafly 
^efembly with the aid ofa microscope). For example, a biodnylated label is detected by addmg a 
lepmvidin-phyooerydVinconiuga.e.follow^byde.ecdon.fphycoe^^ 
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(MH Each aigna, provided by d,e S oUd is de.ec.ed by any convettdona, mean. For examp.e, 

L sign., can be baaed on ft. shape of .he substta,e, wherein rhe firs, de«e«ab,e signal and second 

however fira, each se, of solid substta.es, e.g., d,e pluraldy of firs, sofid substta,e S , genera.es a s,gnal 
1 of.be aid sofid substtaKa has a second de«ec,ab,e signal Again, me firs, and secon *M» 

Z, biobn, h!p,ens, enaymes, enzyme — , enzyme cofacora, enzyme inhibi,or S , enzyane subnnda, 
meal ions, electton-denae reagents, and sadioacdve isotopes. 

,0063, I,isn,os,preferred,however>.. U ,eaofidsnb Stt a KS beb=ads,where,.ade K c B b,e S ,gna„s 
II by one or more finoreseen, dyes. Examp,es of suitably dyed substta.es, e.g., beads, Reached 
L U S Pa,en, No. 6,268,222 ,o Chandler e, al. As described .herein, to solid substta.es compnse a 

even infiared fluorescence. The cyanme dye, or any other convenflona, dye, can be covalently attache, 
L substtate or adsorbed, e.g„ -hereon, h, addidon, fire aubstta,e can have attached .here, - 

! m ore popuMions of fluorescenfly stamed nanopattide,, wflereh. afl nanoparficles ,n a gtvet, 
„ave the I. dye concenttauon. By varyf ng ft. auanthy and rafio of differen, dyea apecflc .0 dtfiW 

„„ m berofdi S cree.popu 1 adonsof S ubstta.eswiu,un i auee ra issions P ectta. Such un,,ue.y labeled 

analyzed using flow cy.on.etty. Such beads are aiao available from commercial supphers such as, 
example, Luminex Corporation (Austin, Texas). 

omp lexe aldmugh othez means for deucing aud counfing Ore caponed complexes can also be u*d, 

ing on dte L of label and signal. The complexes in me hybr.diza.ion so,u.,o„ are passe through 
J flow ymmerd.erebyallow.ngmede.ecdonofeachcomplex. PreferaMy, ,e flow c,„mett. .a 
hnk ed wdha fit* de,ecd„g means for de<ecfing dre label (of dae labeled amplicou) aa we,, aa a second 
de,ecdng means fo, detecfing me signal associattd wid, me sofid substta,e. Suiiahle ^mpmen, and 

muldplexing analysis, are described in U.S. PattmNos. 5,9 8 1,,S0 ,0 Chandler e, a,., and 6,046,807 
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6,139,800 to Chandler. Commercially available systems are also available from Luminex Corp. (Austin, 
Texas) and include, for example, the Luminex™ 100 machine. 

[0065, Substrates having a diameter of less than one millimeter can be used in flow cytometers, although 
omersizedparticlescanbeused^^ H 

1 to 100 ,m, more preferably 2 to 50 urn, still more preferably 3 to 25 urn, with beads having a dieter 
of from about 6 to 1 2 urn being most preferred. Beads of this size are suited for use in flow cytometers, 
thereby providing a facile means for detecting and counting the complexes. 

10066] The solid substrates are preferably, although not necessarily, made of a polymeric matenal such as 
polystyrene. Other usable polymeric materials include brominated polystyrene, po.yacryhc add, 
polyacrylonitrile, polyamide, polyacrylamide, polyacrolein, polybutadiene, polycaprolactone, 
polycarbonate, polyester, polyethylene, polyethylene terephthalate, polydimethylsiloxane, polyisoprene, 
polyurethane, polyvinylacetate, polyvinylchloride, polyvinylpyridine, polyvinylbenzylchlonde, 
polyvinyltoluene, polyvinylidene chloride, polydivinylbenzene, polymethylmethacrylate, polylact.de, 
polyglycolide, poly(lactide-co-glycolide), polyanhydride, polyorthoester, polyphosphazene, 
polyphosophaze, polysulfone, and combinations thereof. These polymers may also incorporate a magneUc 
or magnetically responsive metal oxide selected from the group consisting of superparamagnetic, 
paramagnetic, ferrimagnetic, antiferromagnetic, and ferromagnetic metal oxides. 
[00671 Once all of the captured wild type complexes and captured variant complexes have been detected 
and counted, the presence or absence of the genetic variation can be determined. Specifically, a greater 
amount of captured wild type complexes is indicative of the absence of the genetic variation, whereas a 
greater amount of captured variant complexes is indicative of the presence of the variation. Relauve 
comparisons such as these are sufficient to determine the sequence at a known polymorph* sxte. 
Additional techniques can be used, however, to obtain even more information. 

[0068] For example, ratios can be developed to determine whether the sample contained a mixture of both 
thewildtypeandvariantsequence, The results can be expressed as the ratio ofthe log net signals 
wherein cutoffs can be used to identify what sequence or combination of sequences is contained m the 
sample. An example of such a ratio is provided in Table 1. 



-15- 



AttyDktNo. 1300-0008 
PATENT 



EXEMPLARY 



Table 1 

CUTOFFS TO FURTHER ELUCIDATE SAMPLE CONTENTS 



In 

V 



# captured wild type complexes j Likely conten ts of sample 

# captured variant complexes 



>0.5 



-0.5 to 0.5 



<0.5 



Predominantiy^r^clusivelv wild type seq ^tenceCs),, 

M ixture of wild ty pe and varia nt sequences 

: : 7i . j...:.i>hi erariant sftnuence(s) I 



Mixture oi wiia type — — - 

Predoininantly or exclusively variant sequence^) 



As provided in Table 1, results can be categorized in order to establish whether the sample predominantly 
As proviaea mid, obtained wherein 

or exclusively contains a single sequence type. As also shown in Table l,resu 

amixtureoftwotypesof sequences is contamed m a sample, e.g., when me sample is taken from an 
organism possessing the heterozygous condition. 

JL ma, * complementary to -he polymorphic * —ponding .0 a vanahon sequence («) , P««y 
f fns, sou substrates each 0, uprisen of an ahached firs, caphtre probe comp.=menury « 0, « 
Z Uon and (U) having a ficst de-ectabre aigpa,; and (d, a plurality of second soHd substm.es each ( 



a second detectable signal. 

,,,„, Tt.eK.may a.socuntamapo.yme^-asaDNA poiymem*. Ta, pCymerase or suntlar 
Llassay^. When labe.ed, the primers are prefembiy biodny.a.eO pnme.a. Hybndrzabonb ffera 
described herein may also be conveniently included in the assay tat. 

„„,„ Mcdtods forpreparing the oUgonudeotides inclnded with the tats and nseri . ^methods 
l ed herein are tatown .0 those of ordinary stal, n, the ar, Urns, convendona, technics arc used » 
III necessary prime, firs, hybridization probes, second hyhridiaadon probes, first capture pro* 

,Lv. sciential addition of MtaM and locked nnCeofide monomers ,0 me termma, 5 -hydroxy, 
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group of a growing oligonucleotide chain, wherein each addition is effected by nucleophilic attack of the 
terminal S'-hydroxyl group of the growing chain on the 3'-position of the added monomer, wh.ch » 
typically a phosphorus derivative such as a phosphotriester, phosphoramidite, or the like. 
[0072] The actual sequences of the oligonucleotides are determined using standard techniques known m 
the art For each of the differential hybridization probes, it is first necessary to determine the sequence for 
each polymorphic site, i.e., the wild type and variant sequence, The wild type and variant sequences can 
be determined manually by first obtaining a sample of the nucleic acid analyte containing the polymorph, 
site of interest, and then sequencing the nucleic acid analyte using a commercial sequencer such as the 
Global IR> System (LI-COR, Inc., Lincoln, Nebraska). In addition, the sequence of many nuclei analytes 
can be determined by referring to the relevant texts and databases providing wild type and vanant 
sequences, such as the GenBank database (Bethesda, Maryland). Once a sequence has been determmed, 
the corresponding complementary sequence is included in the appropriate differential hybridization probe. 
That is a region complementary to the polymorphic site corresponding to the wild type sequence rs 
included in the first differential hybridization probe, and a region that is complementary to the vanant 
sequence is included in the second differential hybridization probe. 

(0073] The sequences used for capturing, i.e., the sequences of the capture portions and the re gl ons on the 
capture probes complementary thereto, can be directly attached to the solid substrate, or may be spaced 
therefrom by a spacer. The same types of spacers discussed above with respect to the different*! 
hybridization probes can be used between the solid substrate and the capture sequence. For the capture 
regions, natural nucleotides can be substituted with non-natural nucleotides such as iso-C and ,so- G, and 
the sequences designed to hybridize to the capture regions can have the corresponding complementary 
non-natural nucleotides to enhance specificity and reduce background of the capture hybridization step. 
Methods for using the non-natural nucleotides to reduce nonspecific hybridization are descnbed m U.S. 
Patent No. 6,232,462 to Collins et al. 

[0074] Those regions of the oligonucleotides that are intended to be involved with binding (and thus are 
complementary to another sequence of oligonucleotides, either a probe or analyte) will each be at least 1 5 
nucleotides, usually at least 20 nucleotides, and not more than about 100 nucleotides. Typxcally, the 
binding sequences will be approximately 25 nucleotides in length. 

[0075] The methods described herein have a vast number of use, For example, the method proves the 
ability to detect nucleic acid variants, e.g., SNPs, and other useful genetic or epigenomic data such a 
genetic subtype. In addition, the method can be easily adapted into a multiplex format when the 
appropriate probes and substrates are used. That is, multiplexed approaches based on the descnbed 
method will include a different set of first and second hybridization probes, first and second capture 
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«**«d-— ,»*«.«-- de^Cabl.sig.a.fcr.achpo.^rphic^ofi.^ 

Further, the presen, invention - — * de '- * SKK ° f « hismS ^ * S «T" 
pmbes ana substiarea are used. U addition, once the genotype of a part* »* acidtarge. 

of ordinary ski,, in Ore art. Moreover, the medrod provides the ability ,o proportionally quantify Ore 
rel .tive amounts of a varian, rype • wild rype. Tie addition of appropriare controls may provtde 
additional quantise urformation. The distribution and — ofDNA me,hylatio„ widnn Ore node, 
acid »rge, ean also be derermined nsing dre pre sen. method. Other applieadons and nses wdl, of eonrse, 
become apparent to one of ordinary skill in the art. 

,00761 The presen, method ean detec, the presence of any We of generto variation and the tnventton 
o, limned in this regard. Typea of genetic variadons particularly suited for detection nsing Ore presen 
method include, without limitation, siogle nnoleotide polymorphisms, clusters of polymorphs genetic 
disorders, allelic variadons, axon sequences, inlron sequences, and genetic subtypes. For exampU *e 
cylochrome P450 CVP2D6 subrype is known to have four different SNPa, one a, each of four 

vanan, of the cytochrome P450 CYP2D6 subtype occura in an individual thereby assisting ,n me 
determination of how well the individual will metabolize a drug. 

,0077, The nucleic acid analyecun be obutlned from nearly any source. For example, me one etc actd 
Lye can be obtained from a gene be,onging to a parien, or can be taken from a vhal, bacrenal, or timga, 
organism. Odrer sources will be evident ro one of ordinary skill in the art. 
,00781 1, is ,o be nndersrood dta, while Ute invention has bean described to conjunction w«h tire 
preferred specifro embodunems dtereof, dta, me description above as well as the examples whreh 
o„ow are hrrended ,o i,lustia,e and no, limit tire scope of me invention. Other aspects, advantages and 
mogadons within tite scope of the invention will he apparen, ,o daose skilled in dre art «> wh,ch One 

invention pertains. . 

,0.79, AP pa,e» B , pa,en, applications, arm pubtications mention* herein, bod, supra arm ,nfra, are 

hereby incorporated by reference. 
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Experimental procedures 
mm Th. fonowing exped^nu, procedure, are se, fori* to provide .hose o, ordinary Skil , in d*ari 
1 cotnpiete disclosure and description of how ,o tna* and use due nybrid^on probes and pnnte. 

t „ limit due scope of what due invent regard a S ft* invention. Efforts have been tn.de to ensure 

be accounted for. «eas indicated otherwise, par* ate parts bv weigh, totnpetatnre is tn donees Cants 
TO and pressure is at or near atmospheric pressure at sen level. 

Ui * «. p— - «■ bd °™ 304 Ms !pecif,ca,ion ' fte abbreviat,ons 

have their generally accepted meanings, as follows: 

C Celsius (or Centigrade) 
mM millimolar 
micromolar 
pmol picomole(10' 12 mole) 
mg milligram 
^g microgram 
mL milliliter 
microliter 

jam micrometer 

Tm melting temperature 

U units 

,0082, Tocarryout the procedures set forth be low, a variety of software was used for primer design and 
(0082] To carry P Primer Express®, and Hybsimulator. Hybsimulator was 

Tm prediction, including Pnmer3, GCG , VNT1, Y nmer nxp 

found to be the preferred software for Tm prediction. 

EXAMPLE 

DETECTION OF WILD TYPE OR MUTANT ALLELES FOR 
EXONS 1, 2, 6, AND 9 OF CYTOCHROME P450 CPY2D6 

Primer Sequences for CYP2D6 Multiplex SNP Assay: 

(00831 As the first step in the detection of wild-type and mutant alleles for exons 1 , 2, 6, and 9 of 
cytochrome P450 CPY2D6, the following forward and reverse primers were prepared: 
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Primer 



Exon 1 



Exon2 



Exon 6 



Exon 9 



Primer Seq uence 



forward: biotin-tagtggccatcttcctgctc 

reverse: tctggtaggggagcctcag 

forward: biotin-cttcggggacgtgttcag 

reverse: tcccacggaaatctgtctct 

forward: biotin-cccgttctgtcccgagtat 

reverse: gtttcccagatgggctcac 

forward: biotin-ccatggtgtctttgctttcc 
reverse: gtggggtaagcaggaatgag 



S cience ID N o Primer Length 



(SEQ ID NO: 1) 
(SEQ ID NO: 2) 

(SEQ ID NO: 3) 
(SEQ ID NO: 4) 

(SEQ ID NO: 5) 
(SEQ ID NO: 6) 

(SEQ ID NO: 7) 
(SEQ ID NO: 8) 



20 
19 

18 
20 

19 
19 

20 
20 



EXTRACTION OF GENOMIC DNA: 

,00841 As to second stop in to demcdon of wi.d-.ype and maun, al.eles fo, exons ., 2, 6, and of 
Line P45 „ CPY2D6, n»an genomic DNA was exnaCed from 200 pL o,EDTA-riea.ed who,e 
blood nsmg QIAamp* DNA Blood Mini Kit as described by d>e mannfactnrer (Q,agen). 

D^OrD.PFE^H^D.ZAT.ONPRO.ESFO.^DdM^LEXSNP^V: 
,00851 As the dried step in .be de.ec.ion of wild We or morim. alleles for exons 1 , 2, 6, and 9 of 

L. Tbe presence or absence of a SNP b, eacb of exons 1, 2, 6, and 9 was defined nanrg 

lie and .briber comprising nnirpre capnace sciences to. are complement » «*— aria beri .0 

beads baving nrinp, color codes, me color de.ec.ed -caring me iden.riy of to allele specfic 
seque „ce, and mus to presence of to wild W e or mn.a„. science in to <ar g e. nncleoride seance 
Z capmre seances were designer, .o mririmiae to po««ia, non-specific bmding » genomrc DNA 
seq oences to. may be presen, m to amplified seances by incorporaring iso^osme and .so-guanme 
brio to capmre probes and complemenriny se,nences ariacbed ri> to Lominex™ bead, 
10.86, Tbe sconces sbown below were designed and ,es.ed for tori abilriy <o beri^n 
wild We and mutant cytochrome P450 genotypes in * saln l ,le of am P lified genomic DNA, using to 

tL as sbown below, to allele specific hybridization probes designed .o hybnd,ze - - * 

sconces are a. leas. ,0°C more stable (mclring a. leas. ,« Mgber) ton tose allele spec* 
2l.i„ probes designed .o hybrids, wrib mutan, amplicon sequences. Tbese melfing temperatures 
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will be more stable by a. leas. 10°C when the mutant amplicon sequences are present 

Exon 1 C 5'-JTATJCGCJCTGFTATJCCG^CCTGGTGGGTAGC FGGCJFCTJGACJATFFTATCT 

(SEQIDNO:9) Tm-47.7 C 

Exon 1 T 5*-JTATJCGCJCTGFTATJCCG^CCTGGTGAGTAGC AAGJTGGFAAJJAFCJTGCCT 
(SEQIDNO: 10) Tm-36.3 C 

Exon 2 C 5'-JTATJCGCJCTGFTATJCCG^ATCTGGGTGATGGG JAGGFACJTCJGATGFATFGCT 
(SEQIDNO: 11) Tm-47.9 C 

Exon 2 T 5'-JTATJCGCJCTGFTATJCCG^ ATCTGGATGATGGG JATFGGFAACGFACFCTJGTGT 
(SEQIDNO: 12) Tm-37.2 C 

Exon 6 C 5'-JTATJCGCJCTGFTATJCCG^CTATGCGCAGGTTC TGCAFGFTGJAFAGAJCCAAFGT 
(SEQIDNO: 13) Tra-48.4 C 

EM n 6 T 5 ' -JT ATJCGCJCTGFT AT JCCG ^ CTATGC AC AGGTTC GAJGATFCAFGGAJCCFTTJGAGTT 
(SEQIDNO: 14) Tm-38.7 C 

Exon9G 5'-JTATJCGCJCTGFTATJCCG GATGGGCTCACCA AJCACTFGAJTGFGATJTAFCGJT 
(SEQIDNO: 15) Tm-46.9°C 

Exo»9C 5'-JTATJCGCJCTGFTATJCCG^GATGGGGTCACCA CGGCFACJCTCTFAGFGAAJTGTT 
(SEQIDNO: 16) Tm-26.5 C 

Where J = iso-guanine, and F - iso-cytosine. 

SlNGLEPLEX AND MULTIPLEX POLYMERASE CHAIN REACTIONS: 

,„„„, The four* step in Ore detection of wild rype or mutant a„e,es for exons 1, 2, 6, and 9 

the present example, the singleplex or multiplex PCR was carried out using 2 pL ° ° ^ 

genomic DNA Twenty-five microhter reachon volumes were prepared — g .x Tttantum T , PCR 

minute, followed by a final extension of 5 min at 68°C. 
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CYTOCHROME P450 SNP ASSAY: 

(0088] The final step in the detection of wild type or mutant alleles for exons 1, 2, 6, and 9 of cytochrome 
P450 CPY2D6, is the SNP Assay, shown in FIG. 1 and carried out as follow, After the PGR reaction was 
complete, 25 uL of multiplex working reagent was added to the individual wells containing the multxplex 
PGR products. The plate was sealed with mylar and the incubation was continued in the PE 9600 
thermocycler. The multiplex working reagent contained 0. 1 pmol each allele specific hybridization probe 
(ASH) for the four SNP regions and 2000 each individual Luminex™ microspheres per 25 uL of 50 mM 
Hepes containing 500 mM LiCl, 1 % LDS, IS BSA, 10 mM MgCl 2 , 0.01 mM ZnCl 2 and 0.5% sodium 
azide and Proclin-300 as a preservative (HIV 3.0 Label Diluent, Bayer Diagnostics), having a final P H of 
7 5 The PGR plate with the multiplex ASH working reagent was incubated for 10 minutes at 95°C to 
dissociate double stranded DNA followed by a 30 minute incubation at 50°C to achieve allele specific 
hybridization. The plate was removed and 1 00 uL of wash buffer was added to each well (HIV 3 .0 Wash 
A Bayer Diagnostics). The contents of the wells were transferred to a 96 well pre-wetted filter plate 
(MumW-BV 1 .2 urn, Mi.lipore, Bedford MA). The wash buffer was pulled through with gentle 
vacuum and a 200 uL wash was repeated. The microspheres were .suspended in a 50 uL streptavuhn- 
phycoerythrin, (0.05ug/50uL) TTL buffer (50 mM Tris, 400 mM LiCl, 0.1* Tween-20, P H 8.0) mature. 
The plate was then wrapped in aluminum foil and incubated for 1 5 minutes at 25°C with mild shakmg 
(Titer Plate shaker, Labline Instruments). The previous wash step was repeated and the microspheres were 
.suspended in 80 uL of TTL buffer and read on the Luminex™ 100 in which the presence of 
phycoerythrin (and hence the original forward primer) and the microspheres specific for each partxcular 
ASH were detected. FIG. 2 shows the capture region for the wild type and variant discrimination probes 
for each of exons 1, 2, 6, and 9 of the cytochrome P450 CPY2D6 gene; FIG. 3 shows how the SNP assay 

four individual patients. 
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